The cardiovascular effects of equipotent concentrations of enflurane and halothane were studied and compared in two groups of patients. The agents were shown to have similar effects.
SUMMARY
The cardiovascular effects of equipotent concentrations of enflurane and halothane were studied and compared in two groups of patients. The agents were shown to have similar effects.
There have been numerous publications on the cardiovascular effects of the volatile anaesthetic agents enflurane and halothane. Various authors claim enflurane causes only slight modifications in circulatory function, even at relatively deep levels of anaesthesia. (Virtue et al. 1966 , Botty et al. 1968 , McDowell et al. 1968 , Byles et al. 1971 , Egilmez and Dobkin 1972 .
Halothane, however, causes cardiocirculatory depression even at superficial levels of anaesthesia and this becomes more pronounced at deeper levels; there is partial recovery after several hours of anaesthesia (Eger et al. 1970) .
To compare the effects of halothane and enflurane, the haemodynamic responses during the first one-half hour of anaesthesia were measured in two groups of patients anaesthetized by spontaneous respiration with equipotent concentrations of enflurane and halothane respectively.
MATERIAL AND METHODS
Two groups of 40 patients each were studied. The patients were programmed for general and digestive tract surgery. The only factors conditioning their selection were: (a) consent of the patients after learning the nature of the study, (b) absence of any cardiovascular disease, (c) existence of easy venous access. The patients were not given premedication and surgical stimulation was withheld until after completion of the study.
After local anaesthesia, a three-light Swan-Ganz catheter (calibre No. 7) was inserted into an antecubital vein of all patients using the Seldinger technique, and a cannula (Argyle Medicut No. 18) was inserted into the radial artery percutaneously to measure arterial pressure and collect blood samples.
Cardiac frequency (CF) was measured by an MH-8 cardiotachometer. Cardiac output (CO) was determined by dye dilution curves using a Waters X302 densitometer with an XC 302 bulb and an MC 4A computer for automatic reading of curves. Indocyanine green (5 mg) was rapidly injected in the pulmonary artery through the Swan-Ganz catheter and blood samples were taken from the radial artery using a Harvard N2604 constant extraction syringe. Arterial pressure (AP), pulmonary artery pressure (PAP) and central venous pressure (CVP) were measured by a Statham P23 Db transducer. The arterial pressure (AP), central venous pressure (CVP), pulmonary artery pressure (PAP), cardiac output (CO) and electrocardiogram (ECG) determinations were recorded on a 12 way, automatic ultraviolet developing multichannel inscriber, model 100.
Total peripheral resistance (TPR) and pulmonary vascular resistance (PVR) was calculated by Aperia's formula (1940) The left ventricular work (LVW) was calculated using the formula:
L VW in Kg/min =0·0135 X CO l/min X MAP mmHg. Anaesthesia and Intensive Care, Vol. IV, No. 2, May, 1976 :a:
HALOTHANE GROUP Respiratory tidal volume was measured with a Wright spirometer.
Blood samples for gas analysis were kept on ice until analysis, which always took place within 30 minutes after collection.
ENFLURANE GROUP
This group consisted of 40 patients (22 males), average age 43·4 years (S.D. 10 '8), average weight 58·3 Kg (S.D. 8·1) and average body surface 1·61 square meters (S.D. 0'12). The physical condition of the patients corresponded to Groups I (28 patients) and II (12 patients) of the A.S.A. scale.
The group consisted of 40 patients (19 males), average age 42·2 years (S.D. 12 '7), average weight 64·5 Kg (S.D. 11'7) and average body surface area of 1·64 square meters (S.D. 0·}4). The physical condition of the group, using the same A.S.A. scale, included 22 patients in Group I and 12 in Group II.
Anaesthesia induction and technique was the same as in the previous group, using inspiratory concentrations of Halothane of 1'0% and 2·0% at 15 and 30 minutes respectively (Fluotec, Cyprane Ltd.). The data obtained was statistically evaluated by the Student T test Anaesthesia was induced with a hypnotic dose of thiopental (average 240 mg) using succinylcholine for endotracheal intubation (average dose 50 mg). Maintenance of anaesthesia was achieved using the Magill circuit on a Boyle machine with a total gas flow of nine litres per minute (three litres of oxygen and six litres of nitrous oxide). The enflurane was administered at an inspiratory concentration of 1'75% during the first 15 minutes and of 3 ,5% during the following 15 minutes (Ethranec, Cyprane Ltd.).
RESULTS
In both groups there were statistically significant changes which increased with increasing depth of anaesthesia. (Tables 1 and  2) .
There was a reduction in cardiac index, systolic index, mean arterial pressure and left ventricular work. There was an increase in mean pulmonary artery pressure and pulmonary venous resistance. Measurements were made before anaesthesia and at 15 and 30 minutes after onset of anaesthesia.
The T.P.R. decreased slightly in both groups but was only statistically significant in the enfturane group. (1,5)
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The relation between the CO, TPR and MAP during the time of the study of both groups of patients is shown in Figures 1 and 2 .
The changes in cardiac frequency, central venous pressure and pulmonary capillary pressure were not significant.
Occasional ventricular extrasystoles which disappeared upon removal of the Swan-Ganz catheter were the only ECG changes observed. A reduction in the tidal volume was observed in all cases with an increase in the respiratory frequency and a depth related rise in PaC0 2 • The respiratory acidosis was not compensated during the time covered by the study. The Pa0 2 always stayed within physiological limits in relation to the Fi0 2 administered to the patients. 
DISCUSSION
The existence of a close correlation between the anaesthetic potency of a determined agent and its depressant effects on the cardiovascular system is well known (Price and Helrich 1955) . This depressant effect has been shown (Shimosato et al. 1963) in isolated heart-lung preparations or by more complicated techniques such as the ventricular function curves or the force-velocity relation of shortening of the myocardial fibre.
The study of these curves (Shimosato et al. 1969) in animals anaesthetized with enflurane and halothane revealed a decrease in the maximum speed of contraction (V. Max.) (Iwatsuky et al. 1970 ) and of maximum isometric force (F.M.) (Bloodwell et al. 1965 , Morrow et al. 1961 .
The depressant action of many anaesthetic agents is partially or totally counteracted by a sympathoadrenal overactivity but this is abolished or decreased in patients anaesthetized with halothane (Price et al. 1959) . Iwatsuki (1970) showed that with enflurane the cardiac muscle maintains its power of reserve more efficiently than with halothane. The haemodynamic effects observed in our two groups of patients appear qualitatively similar showing only small quantitative differences. Within each group, the cardiovascular responses were generally directly related to depth of anaesthesia.
Variations in cardiac output under anaesthesia with halothane differ considerably according to researchers (Payne et al. 1959, Severinghaus and Cullen 1958) . These differences appear due to the methods used to induce anaesthesia, differences in PaC0 2 , temperature, usage of N 2 0, drugs and presence of painful stimuli. The decrease in cardiac output in our patients, must relate to direct myocardial depression and reduction in ventricular activity. It is possible that at least in the first measurement of the two groups, the barbiturate used m inducing anaesthesia had an influence. The negative inotropic effect of hypercapnia and acidosis may also have added to this depression. The influence of pC0 2 and acidosis on the cardiovascular system is difficult to evaluate. On the one hand, the hypercapnia and acidosis appear to produce not only a direct depression on the cardiac and smooth muscles but also can, at least initially, reflexly stimulate the sympathoadrenal system (Prys-Ro berts 1968) compensating in part for the primary cardiovascular depression. In the case of halothane this response appears partially abolished. It is possible that if the pC0 2 of our measurements had been within normal limits, cardiac output would have been lower.
Little agreement exists regarding the role played by the N 2 0. Some authors (Bloch 1966 ) state that addition of N 2 0 to halothane reduces arterial pressure, circulatory volume and muscle tone, others (Smith 1968) suggest that its addition produces a sympathetic stimulating effect.
Arterial hypotension, more notable in patients anaesthetized with halothane, is perhaps due more to the reduction in cardiac output than to the decrease in peripheral resistance which was very moderate.
The mcrease of the pulmonary arterial pressure seems related to the increase of pulmonary vascular resistance, perhaps as a consequence of the myocardial depression.
The hypercapnia and acidosis reflect a respiratory depression whose premonitory signs were the decrease in respiratory tidal volume and the increase in respiratory frequency which was inadequate to compensate for the common fall in volume.
In conclusion we have not found much difference in the degree of cardiovascular depression produced by both anaesthetic agents.
